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Furnace Transformers

Historical Background

The furnace transformer
was born long ago, in the
early years of this century,
when experiments were being
carried out with the first
electric furnaces, its earliest
version being single-phase,
for the supply of electricity
to rudimentary furnaces for
smelting steel and ferrous
alloys.
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With the development of
furnace-manufacturing techniques, ferrous alloy and
steel production technologies, unit power requirements
gradually increased, eventually reaching 20-30 MVA
during the ‘fifties’. At the same time, the three-phase
transformer became an established piece of equipment for
electric furnaces, in which smelting heat was produced
by the current flowing from the electrodes to the metal
charge, rather than between one electrode and another,
especially in steel production, while, as regards furnaces
for ferrous alloys, both single-phase and three-phase
transformers, being equally valid, continued to be used.
Simultaneously, two quite different trends regarding
methods of changing the secondary electrode voltage
were developing: one, which originated in America, was
based on the use of the no-load tap changer, while the
other, which was a European technique, depended on the
increasing use of the resistance-type on-load tap changer.
In the ‘fifties’, furnace transformer power requirements
rose steeply, reaching peaks of 100-150 MVA at the end of
‘seventies’ and beginning of ‘eighties’.

The development of these units over the years has led to
the definition of the chief characteristics that distinguish
furnace transformers from normal power transformers, as
it follows:

o Low secondary voltages (below 1500 V)
o High secondary currents (up to 120-150 kA)

o A wide secondary voltage regulation range (the ratio
between the maximum and minimum values may be as
much as 300 or 400%).

Past, Present and Future Applications

With the evolution of furnace operating technologies,
the furnace transformer has become the main component
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required for transforming energy into the form best-suited
to meet furnace requirements, and has found increasing
and diversified applications. As is well known, electrode
power for each operating stage is optimised by combined
regulation of the appropriate voltage and current. The cost
of such regulation is closely linked with the methods that
are, or can be used for switching the secondary electrode
voltage, and with the degree of reliability of the switching
equipment (no-load or on-load tap changer, etc.).

Past Application

In the past, no-load changing of the secondary voltages
was the only means that could be used for regulating
electrode voltage, whether in reduction or in steel furnaces.
Such units were equipped with one or more tap-changers,
which were used to change the voltage manually, with
the transformer completely disconnected from the power
supply.

Since the breakers have continually to be opened and
closed with each voltage change, the no-load method
involves:

e Considerable loss of time and therefore of production

o A high rate of wear and tear to the circuit breakers

e Severe mechanical and dielectric stresses to the primary
winding, caused by the inrush currents and over
voltages occurring at each breaker operation.
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Present Application

Nowadays, electrode voltage regulation involves the
use of an on-load tap changer (i.e. with the transformer
connected to the power supply), or one on-load and no-load
tap changer D/Y connection (i.e. a mixed system), although
the initial cost of the transformer is higher.

On-load changing offers three great advantages:

o Complete elimination of the downtime required by the
no-load operation

o Considerable reduction in the number of voltage
fluctuations caused in the supply net by sudden voltage
drops and inrush currents

o The possibility of electronic automation of the on-
load tap changer operations, so that the numbers
of switching required can be set as a function of the
furnace operating parameters.

Mixed changing is intended for use when special
structural conditions call for an extra-small transformer,
both in size and in weight. In such cases, D/Y connection
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can be switched with the transformer disconnected

from the power supply, using a pre-selected no-load tap
changer, equipped with suitable electrical and mechanical
protections. Technically speaking, the mixed system calls
for the use of three single on-load tap changer, whose
special reversing-switch is used as the no-load tap changer
for changing on the primary winding of the D/Y connection
and vice-versa.

Future Application

As for the future, it is expected that voltage will
continue to be regulated on-load, while replacing the
present resistance-type tap changer with others of the
vacuum type technology, the trend being to produce
transformers that will take into account not only
reliability, but also the capitalised cost of losses and the
full electronic automation of changing operations. In other
words, given the same degree of reliability, the solutions
found will have to reduce to a minimum the overall
capitalised costs of the transformer, seen as a component
of a complex installation in which operating costs have to
be minimised during the period of amortisation.
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